T
he incidence of elderly patients with severe aortic stenosis (AS) has been increasing in recent decades. Transcatheter aortic valve replacement (TAVR) is a safer alternative to open surgery in elderly patients and has become a popular therapeutic choice for AS management.
1,2 TAVR is recommended for patients with a life expectancy >1 year and who are expected to improve their quality of life as a result of the procedure. 3 To identify the optimal candidates for TAVR, adequate prescreening or risk stratification should be required before the procedure. Classical surgical prescreening includes an assessment of the patient's comorbidities; recently, focus on the patient's clinical frailty and functional status has increased. Frailty is best known as a geriatric syndrome of impaired resiliency to stressors, which confers a high risk for adverse health outcomes. 4, 5 This definition and the prognostic value of frailty factors in patients receiving TAVR have not been evaluated, and the majority of clinical frailty scales have been considered too complex and incongruent for routine use. 6 The Clinical Frailty Scale (CFS), an outcome of the Canadian Study of Health and Aging, is a semiquantitative tool that provides a generally accepted clinical definition of frailty, which can be easily measured even by nongeriatricians.
7, 8 However, whether this tool affects clinical outcomes after TAVR has not been previously investigated. To this end, we reviewed data from a Japanese multicenter registry and investigated the usefulness of CFS for predicting the prognosis of patients who underwent TAVR.
METHODS Patient Population and Study Design
We evaluated data for 1215 consecutive patients with symptomatic severe AS who underwent TAVR procedures available from the OCEAN-TAVI registry (Optimized Transcatheter Valvular Intervention-Transcatheter Aortic Valve Implantation). 9, 10 The OCEAN-TAVI registry is an ongoing, prospective, multicenter TAVR registry; the current data include information from 9 institutions in Japan reported between October 2013 and April 2016. Patients were selected for TAVR when considered unsuitable or at high risk for surgical aortic valve replacement by consensus between individual centers and after discussions within the cardiology team. The operative risk was calculated using the Logistic European System for Cardiac Operative Risk Evaluation (Logistic EuroSCORE) and the Society of Thoracic Surgeons Predictive Risk of Mortality (STS) score. Clinical data including frailty factors, patient characteristics, echocardiographic data, procedural variables, length of hospital stay, and in-hospital and all-cause mortality rates were prospectively recorded. The CFS scores were determined by a trained medical professional according to the Canadian Study of Health and Aging grading criteria. 7, 8 All CFS stages were calculated by faceto-face assessments with patients and families to determine the baseline frailty status before TAVR. The CFS ranged from 1 (very fit) to 9 (terminally ill). The CFS results were categorized into 5 groups as follows: nonfrail (CFS 1-3), vulnerable (CFS 4), mildly frail (CFS 5), moderately frail (CFS 6), and severely frail (CFS ≥7). The combined patient flow consort with detailed CFS criteria is presented in Figure 1 . Additional frailty factors, including gait speed (meters/second) calculated by a 15-feet or 5-meter walk and mean grip strength (kg) were also evaluated.
TAVR Procedures
TAVR procedures have already been described in detail. 9, 10 The balloon-expandable Edwards SAPIEN-XT valve (Edwards Lifesciences) and the self-expandable Medtronic CoreValve Revalving System (Medtronic) are clinically approved in Japan. The prosthesis size (20, 23, 26 , or 29 mm for Edwards SAPIEN-XT valve and 26, 29 mm for CoreValve Revalving System) was determined on the basis of preprocedural echocardiographic and multidetector computed tomographic findings. The devices were delivered by the femoral artery, iliac artery, apical routes, aortic routes, or subclavian approach. Criteria for selection of the transfemoral (TF), iliac, apical, direct aorta, and subclavian approach included the size, calcification, and tortuosity of the aortoiliofemoral arterial tree and the ratio between sheath size and minimum femoral size. Procedural and other complications during TAVR were evaluated according to the VARC-2 criteria (Valve Academic Research Consortium-2). 11 Information on the possible occurrence or cause of death was obtained from the treating hospital or by calling the patient's family directly. The medical ethics committee at each hospital approved this study protocol, and written informed consent was obtained from all patients before undergoing TAVR.
Clinical Perspective
What Is New?
• In this study, we evaluated the predictive utility of the Clinical Frailty Scale (CFS) in elderly patients who had undergone transcatheter aortic valve replacement and compared this semiquantitative tool against other well-known markers of frailty.
• We found that cumulative 1-year mortality rates increased proportionally with increasing CFS stage, each of which represented a progressive increase in frailty.
What Are the Clinical Implications?
• Before receiving transcatheter aortic valve replacement, all patients must undergo preassessment screening to evaluate the safety of the procedure in light of patients' comorbidities and other clinical variables.
• The CFS correlated with other markers of frailty, including body mass index, albumin, gait speed, and grip strength.
• The CFS accurately reflects clinical frailty and is a useful predictor of mortality in elderly patients after transcatheter aortic valve replacement.
• The CFS should form part of the preoperative assessment as a means to further improve patient outcomes after transcatheter aortic valve replacement.
Statistical Analysis
All statistical analyses were performed using IBM SPSS statistics 22 (SPSS, Inc.) and MedCalc software package (version 12.1.4, MedCalc Software). Continuous variables are expressed as mean ± standard deviation (SD) or median and interquartile range (IQR; 25%-75%), depending on variable distribution. Categorical data are expressed as percentages of the total.
Comparisons among the 5 groups were made using χ 2 tests for categorical covariates and 1-way analysis of variance for continuous covariates that were listed as mean value and SD and the Kruskal-Wallis test for continuous variables that were listed as medians with interquartile ranges. Comparisons of CFS grading and each frailty parameter (body mass index [BMI], albumin, gait speed, and mean grip strength) were analyzed by using Spearman's correlation. Subgroup analysis of CFS grading predicting late mortality in each frailty component (albumin, BMI, gait speed, and grip strength) and sex was evaluated using Cox regression multivariate modeling. The quantitative and qualitative interactions of CFS grading and each frailty component were also tested in these groups. The interactions of event rate among the subgroups of CFS 1-3, CFS 4-6, and CFS ≥7 in each frailty were analyzed using generalized linear model. The receiver operating characteristic curve analysis was used to examine the discriminating ability of the variables for mortality. The usefulness of CFS grading and traditional surgical risk models, such as the Logistic EuroSCORE and the STS score for predicting mortality, was evaluated by c-statistics; thereafter, additional measurements of these combined factors were compared in change of each c-statistic. 12 A univariate Cox regression analysis was performed to obtain the hazard ratio (HR) for 30-day and late mortality after TAVR. Thereafter, a multivariate analysis was performed using the baseline clinical characteristics and the variables with P-values <0.05 in the univariate analysis to examine the independent associations of CSF grading with late mortality. To perform a sensitivity analysis, the prognostic value of the CFS subgroup was assessed in Cox regression multivariate model 1 (CFS per 1 category increase, excluding CFS ≥7) and model 2 (CFS 1-4 versus CFS ≥5). The Kaplan-Meier method was used to estimate cumulative mortality rates in the 5 groups. Survival differences in each group were compared using log-rank tests. Statistical tests were all 2-sided, and values of P<0.05 were considered statistically significant.
RESULTS

Baseline Patient and Procedural Characteristics
Baseline patient characteristics are summarized in Table 1 . Of the 1215 patients included in this study (age 84.4±5.0 years of age, Logistic EuroSCORE 17.0±13.1%), 38.0% were categorized as CFS 1 to 3 (n = 462), 32.9% as CFS 4 (n = 400), 15.1% as CFS 5 (n = 183), 10.0% as CFS 6 (n = 122), and 4.0% as CFS ≥7 (n = 48 [CFS 7: n = 44, CFS 8: n = 4]). No patients were graded as CFS 9. The distributions of CFS grading of the 9 institutions are presented in Figure I in the online-only Data Supplement. Among the 5 study groups, significant differences were observed in the mean age, sex, height, weight, BMI, and body surface area (all P<0.001). The serum albumin and hemoglobin levels were significantly lower in the severely frail group (all P<0.05). The levels of brain natriuretic peptide and the number of patients with peripheral artery disease and previous stroke also differed among groups (all P<0.05). As a Table I in the online-only Data Supplement.
Peri-and Postprocedural Patient Characteristics
Peri-and postprocedural patient characteristics are shown in Table 2 . The TF approach was used in 969 pa- 
30-Day and Cumulative 1-Year Mortality
Clinical 30-day follow-up was obtained in all patients enrolled in the OCEAN-TAVI registry. The 30-day and inhospital mortality rates were not significantly different (P=0.13 and P=0.27, respectively). However, the CFS grade increment was significantly associated with increasing risk of 30-day mortality (HR, 1.42; 95% confidence interval [CI], 1.04-1.95; P=0.029). In all, 143 patients died, and 113 of them died within 1 year; of these patients, 28 were in the CFS 1-3 group, 29 patients in CFS 4, 22 patients in CFS 5, 17 patients in CFS 6, and 17 patients in CFS ≥7. Kaplan-Meier analysis of cumulative mortality in the 5 groups on the basis of CFS is presented in Figure 3 . Cumulative 1-year mortality rates in each group were 7.2%, 8.5%, 13.4%, 17.6%, and 45.1%, respectively. The cumulative 1-year mortality rates slightly increased across the CFS 1-3, CFS 4, CFS 5, and CFS 6 groups, and a significant increase was observed in patients with CFS ≥7 compared with all other groups. CFS indicates Clinical Frailty Scale. nary artery bypass graft, previous stroke, comorbidity of pulmonary disease, liver disease, and TF approach were independently associated with cumulative late mortality. (Table II in the online-only Data Supplement). Event rate distributions among the CFS 1-3, CFS 4-6, and CFS ≥7 were described in each subgroup of frailty (Figure 4) . The interactions of CFS subgroups and 4 frail components did not show any statistical differences (BMI: P=0.33, albumin: P=0.78, gait speed: P=0.34, grip strength: P=0.078), although the grip strength and CFS category tended to show a difference. Table III in the online-only Data Supplement shows the results of the subgroup analysis of CFS grading that predicted late mortality in each frailty component and by sex. The interactions of these factors with CFS grading did not show any statistical differences, although the grip strength and CFS category tended to show a difference. 
Prognostic Value of Baseline CFS After TAVR Procedure
DISCUSSION
The current Japanese multicenter registry study demonstrated the potential prognostic value of the simple CFS grading tool for risk stratification before TAVR in elderly patients. The CFS grade was associated with increasing risk of 30-day and cumulative 1-year mortality. Frailty is accepted as a general indicator of a patient's vulnerability that is highly associated with adverse health outcomes in the geriatric field. 4, 5 However, no consensus exists on the most appropriate definition of frailty, and no consensus exists regarding the most clinically useful tool to assess frailty. The CFS grading derived by the Canadian Study of Health and Aging committee is 1 of the most reliable methods to assess frailty among elderly patients. [6] [7] [8] Although the CFS grading tool is disadvantaged by its semiquantitative classification, our study identified a positive correlation between CFS grade and several other indicators of frailty defined by the VARC-2 criteria, including BMI <20, serum albumin <3.5, gait speed, and grip strength. 11 It should be mentioned that although information regarding BMI and albumin levels were obtained for all patients in this study, we were unable to assess gait speed and grip strength in certain patients, for example those unable to walk or to maintain a grip. In particular, there were no available data concerning gait speed and limited data of grip strength in patients categorized with CFS ≥7. As a result, event rate comparison between CFS grading and other frailty components were not sufficient. The CFS grading method is a simple tool which can be used by nongeriatricians for the purpose of assessing patients' frailty, and the positive correlation between CFS and other markers of frailty described above supports the feasibility and utility of semiquantitative CFS grading.
In this study, the 30-day mortality rate was only 1.9% as only 23 of 1215 patients died within this time period. Given the limited data set, we were unable to accurately assess the predictive power of CFS grading for 30-day mortality, but it is notable that mortality rates increased in proportion with increasing CFS grade. According to the previous reports, the worse prognosis within 30-day in patients underwent TAVI were investigated concerning the frailty with modified specific frailty criteria defined by the multidimensional geriatric assessments. A, Mortality rates among CFS 1-3, CFS 4-6, and CFS ≥7 between albumin <3.5 and ≥3.5. B, Mortality rates among CFS 1-3, CFS 4-6, and CFS ≥7 between BMI <20 and ≥20. C, Mortality rates among CFS 1-3, CFS 4-6, and CFS ≥7 between low and high gait speed. D, Mortality rates among CFS 1-3, CFS 4-6, and CFS ≥7 between low and high grip strength. BMI indicates body mass index; and CFS, Clinical Frailty Scale.
The complex frailty criteria were reliable on the basis of geriatric specialist's assessments although it was difficult to adapt the daily clinical practice. In addition, relatively simple frailty scores using the Katz index and gait speed also revealed worse early clinical outcomes after TAVI. 15, 16 In this study, gait speed was significantly correlated with CFS grade. The results described above illustrate that multiple frailty components, including CFS grade, can be used to risk stratify patients undergoing TAVR. These results were informative because the traditional surgical risk models used to predict early mortality did not account for patients' frailty.
The cumulative 1-year mortality risk increased progressively with advancing CFS grade (7.2%, 8.6%, 15.7%, 16.9%, and 44.1%, respectively), and CFS was identified as an independent predictor of cumulative 1-year mortality after TAVR. The PARTNER US study is a pivotal study in transcatheter heart valve research which consists of two patient cohorts. 1 In Cohort B, patients who were considered inoperable for surgical aortic valve replacement were randomized to TAVR versus medical treatment, and the 1-year mortality rate was 50.7% in the medical group. 1 This result was comparable to the 1-year mortality rate observed in this study for patients with CFS ≥7, although we were unable to extrapolate what would have been the 1-year mortality rate of these patients if they had been treated medically. Therefore, the practical implication of these findings should be strictly discussed prior to TAVR intervention in patients considered too sick or categorized as CFS ≥7. Before making a final decision, clinicians should review the indications for TAVR by taking into account factors such as multiple comorbidities reflected by traditional surgical risk scores, as well as frailty component scores such as the semi quantitative CFS grading system. The multivariate Cox regression analysis indicated that New York Heart Association class III/IV, creatinine, albumin < 3.5, hemoglobin, coexisting pulmonary disease, liver disease, and non-TF approach were independent predictors of late mortality. These results are in keeping with previous research which has identified these clinical variables as significant predictors of higher mortality rates after TAVR. [17] [18] [19] [20] With regards to albumin <3.5, the VARC-2 consensus document suggested that both of these variables reflect a clinically frail state, 11 and this suggestion was corroborated by a recent report which demonstrated that albumin <3.5 were associated with worse prognosis after TAVR. 21 Taken together, these results highlight the importance of careful decision making regarding the appropriateness of TAVR in patients with a high CFS grade. This decision should be made after a thorough assessment of an individual patient's life expectancy and likelihood of physiological functional recovery. Furthermore, they demonstrate the importance of recognizing that frailty should be an important variable in preprocedure screening for patients undergoing TAVR. The c-statistics analysis indicates that when combined with traditional surgical risk models (eg, EuroSCORE or STS score), CFS grading provides improved predictive value for mortality after TAVR. The availability of CFS grading along with a surgical risk score might be useful to identify those patients who are too sick to benefit from TAVR.
Limitations
Several study limitations should be addressed. First, the CFS tool is semiquantitative and subjective in nature, and therefore it is predisposed to interobserver variability. However, this fact does not appear to reduce the power of this frailty score to predict outcomes. Second, the CFS grading at each institution varied, and the percentages of CFS 1-3 scores increased across the 9 institutions. Thus, these differences may have affected the clinical outcomes. However, the result of stratified Cox regression analysis adjusted for institutional differences also confirmed the result of our conclusion. The CFS grading was an independent predictive factor of increased mortality after TAVR (HR, 1.27; 95% CI, 1.08-1.48; P=0.004). Third, the number of 30-day deaths in this study (n = 23, 1.9%) was too small to analyze using the multivariate regression model. It is possible that the results described earlier may have been different if we had been able to evaluate data for a larger number of events. Fourth, outcomes beyond 1 year are not sufficient in this report. Further investigations are needed to reveal the relationship between the CFS grading and long-term clinical outcomes. Fifth, data regarding gait speed and grip strength were not available for all patients, and the prevalence of multiple comorbidities was higher in the group with missing data compared with the group with nonmissing data. This study lacked gait speed and grip strength data for severely frail patients with CFS ≥7 or an advanced CFS stage. The sample volume of nonmissing gait speed and grip strength were powerless to evaluate for the prognostic implication of CFS grading in relation to existing frail markers.
CONCLUSIONS
The CFS is a useful predictor of short-and midterm mortality in patients undergoing TAVR. The CFS is a simple tool to assess patient's frailty and can be used by nongeriatric specialists, thereby increasing its clinical utility. Assessing patients' CFS grade before TAVR will positively affect their clinical care and improve postoperative outcomes.
APPENDIX OCEAN-TAVI Investigators
The OCEAN-TAVI investigators are as follows: Kentaro Hayashida, Shun Kohsaka, Fumiaki Yashima, Taku
